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Hz), 3.40 (dd, 1 H, CH, J = 5.8,2.5 Hz), 7.12 (m, 5 H, Ar protons); 
mass spectrum, m / e  (relative intensity) 158 (M', 22), 143 (23), 
128 (a), 116 (65), 115 (100). 
3-Phenyl-4,4-dimethyl-l-pentyne (Id): bp 51 "C (1 mm); 

IR 3307, 2114, 632 cm-'; 'H NMR 6 0.98 (s ,9  H, Me); 2.18 (d, 1 
H, =CH, J = 2.7 Hz), 3.38 (d, 1 H, CH, J = 2.7 Hz), 7.23 (m, 5 
H, Ar protons); mass spectrum, m / e  (relative intensity) 172 (M', 
5), 157 (ll), 116 (46), 115 (23), 57 (100). Anal. Calcd for C&16: 
C, 90.64; H, 9.36. Found: C, 90.39; H, 9.56. 
3-Phenyl-3-methyl-1-pentyne (le): bp 53 "C (0.8 mm); IR 

3305, 2112,636 cm-'; 'H NMR 6 0.87 (t, 3 H, Me, J = 7 Hz), 1.57 
(s, 3 H, Me), 1.82 (q, 2 H, CH2, J = 7 Hz), 2.33 (s, 1 H, e C H ) ,  
7.33 (m, 5 H, Ar protons); mass spectrum, m / e  (relative intensity) 
158 (M+, 16), 143 (7, 129 (loo), 128 (33), 115 (6). Anal. Calcd 
for C12H14: C, 91.08; H, 8.92. Found: C, 90.88; H, 9.10. 
3-Phenyl-3,4-dimethyl-l-pentyne (If):  bp 48 "C (0.4 mm); 

IR 3306, 2113, 635 cm-'; 'H NMR 6 0.75,1.04 (2 d, 3 H each, Me, 
J = 6.5 Hz), 1.49 (s, 3 H, Me), 1.90 (m, 1 H, CH), 2.18 (s, 1 H, 
=CH), 7.22 (m, 5 H, Ar protons); mass spectrum, m l e  (relative 
intensity) 172 (M', ll), 157 (15), 130 (66), 129 (loo), 128 (55), 
115 (21). Anal. Calcd for C13H16: C, 90.64; H, 9.36. Found: C, 
90.82; H, 9.28. 
3-Phenyl-3,4,4-trimethyl-l-pentyne (lg): bp 69-70 "C (1 

mm); IR 3307, 2108, 632 cm-'; 'H NMR 6 0.98 (s, 9 H, Me), 1.65 
(s, 3 H, Me), 2.28 (s, 1 H, =CH), 7.38 (m, 5 H, Ar protons); mass 
spectrum, m / e  (relative intensity) 186 (M', a), 171 (15), 156 (7), 
143 (9), 130 (98), 129 (60), 128 (32), 115 (32), 57 (100). Anal. Calcd 
for C14H18: C, 90.26; H, 9.74. Found: C, 90.11; H, 9.89. 

l-Phenyl-1,2-b~tadiene:'~ IR 1950 cm-'; 'H NMR 6 1.73 (dd, 
3 H, M e , J  = 7 ,  3.2 Hz), 5.45 (m, 1 H,=C=CH,J = 6.5, 7 Hz), 
6.03 (m, 1 H, =C=CH,  J = 6.5,3.2 Hz), 7.17 (m, 5 H, Ar protons); 
mass spectrum, m l e  (relative intensity) 130 (M', 86), 115 (100). 

l-Phenyl-l,2-pentadiene:20 IR 1948 cm-'; 'H NMR 6 0.97 (t, 
3 H, Me, J = 7 Hz), 1.98 (m, 2 H, CH2, J = 7 ,  6.5, 3.2 Hz), 5.47 
(m, 1 H, =C=CH), 6.07 (dt, 1 H, = C = C H , J =  6.5, 3.2 Hz), 7.14 
(m, 5 H, Ar protons); mass spectrum, m / e  (relative intensity) 144 
(M', 57),  129 (loo), 115 (54). 
l-Phenyl-4-methyl-l,2-pentadiene:21 IR 1947 cm-'; 'H NMR 

6 1.02 (d, 6 H, Me, J = 6.5 Hz), 1.8-2.6 (m, 1 H, CHI, 5.43 (t, 1 
H. =C=CH. J = 6 Hz). 6.07 (dd. 1 H. =C=CH. J = 6.3 Hz). 

I ,  . I  I ~~ 

7.10 (m, 5 H, Ar protons); mass spectrum, m / e  (relative iniensityj 
158 (M', 70), 143 (loo), 129 (27), 128 (53), 116 (33), 115 (96). 
l-Phenyl-4,4-dimethy1-1,2-pentadiene:22 IR 1947 cm-'; 'H 

NMR 6 1.12 (s, 9 H, Me), 5.54 (d, 1 H, =C=CH, J = 6.4 Hz), 
6.17 (d, 1 H, =C=CH, J = 6.4 Hz), 7.27 (m, 5 H, Ar protons); 
mass spectrum, m / e  (relative intensity) 172 (M', 20), 157 (ll), 
116 (24), 115 (18), 57 (100). 
l-Phenyl-3-methyl-l,2-pentadiene:6 IR 1950 cm-'; 'H NMR 

6 1.06 (t, 3 H, Me, J = 7.2 Hz), 1.80 (d, 3 H, Me, J = 3 Hz), 2.08 
(dq, 2 H, CH2, J .  = 7.2,3 Hz), 6.05 (m, 1 H, =C=CH, J = 3 Hz), 
7.21 (m, 5 H, Ar protons); mass spectrum, m l e  (relative intensity) 
158 (M', 69), 143 (loo), 129 (69), 128 (95), 115 (23). 
l-Phenyl-3,4-dimethyl-1,2-pentadiene: IR 1949 cm-'; 'H 

NMR 6 1.03 (d, 6 H, Me, J = 6.5 Hz), 1.72 (d, 3 H, Me, J = 3 Hz), 
1.&2,6 (m, 1 H, CH), 6.03 (m, 1 H, =C=CH, J = 3 Hz), 7.15 (m, 
5 H, Ar protons); mass spectrum, m l e  (relative intensity) 172 (M', 
46), 157 (49), 143 (16), 142 (17), 129 (100), 128 (39), 115 (14). And. 
Calcd for C1&16: C, 90.64; H, 9.36. Found: C, 90.34; H, 9.54. 

l-Phenyl-3,4,4-trimethyl-1,2-pentadiene: IR 1950 cm-'; 'H 
NMR 6 1.13 (s, 9 H, Me), 1.80 (d, 3 H, Me, J = 2.8 Hz), 6.05 (9, 
1 H, =C=CH, J = 2.8 Hz), 7.27 (m, 5 H, Ar protons); mass 
spectrum, m l e  (relative intensity) 186 (M', 27), 171 (7), 143 (6), 
130 (42), 129 (52), 128 (25), 115 (18), 57 (100). Anal. Calcd for 
C14H18: C, 90.26; H, 9.74. Found: C, 90.09; H, 9.86. 
2-Pheny1-2,3-he~adiene:'~ IR 1953 cm-'; 'H NMR 6 1.01 (t, 

3 H, Me, J = 7 Hz), 2.04 (d, 3 H, Me, J = 3 Hz), 2.15 (m, 2 H, 
CH2), 5.43 (m, 1 H, =C=CH), 7.22 (m, 5 H, Ar protons); mass 
spectrum, m / e  (relative intensity) 158 (M', 71), 143 (loo), 129 
(go), 128 (89), 115 (25). 

2-Phenyl-5,5-dimethyI-2,3-he~adiene:'~ IR 1955 cm-'; 'H 
NMR 6 1.08 (s, 9 H, Me), 2.05 (d, 3 H, Me, J = 2.8 Hz), 5.40 (9, 
1 H, =C=CH, J = 2.8 Hz), 7.20 (m, 5 H, Ar protons); mass 
spectrum, m / e  (relative intensity) 186 (M', 35), 171 (15), 156 (9), 
143 (ll), 130 (50), 129 (41), 115 (21), 57 (100). 

(S)-3-Phenyl-l-butyne [ (S)-( +)-la]. Following the general 
procedure given above, (R)-(-)-2a (1.53 g, 11.5 mmol) in tetra- 
hydrofuran (15 mL) was allowed to react with 2 equiv of the 
cuprate PhCu.MgBr2.LiBr. After the usual workup, the reaction 
mixture afforded a fraction [yield, 1.46 g (97%)] containing 
compound la (80%) and l-phenyl-1,2-butadiene (20%). Puri- 
fication by preparative GC (SE-30) yielded pure (S)-(+)-la (0.96 
g, 64%) showing bp 69 "c (17 mmHg); [.Iz5D +3.91 (c 10.4, 
heptane) [opticdy pure @)-(+)-la is reported to have [.]%D +21.8 
(heptane)] .2 

Pure samples of @)-(+)-la having [.Iz5D +3.70 (heptane) and 
[a]2sq +3.82 (heptane) were obtained also by repeating the same 
reaction two times again. 
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Although gem-dibromocyclopropanes react readily with 
potassium dimethyl phosphite [K+P(0)(OMe)2-] t o  give 
reduced products with high stereoselectivity when the  
halogens a re  nonequivalent, t he  corresponding dichloro 
compounds are quite inert.2 As par t  of an investigation 
into the  interaction of nucleophilic reagents with halo- 
cyclopropanes, the reaction of gem-dichlorocyclopropanes 
with potassium diphenylphosphide [K+PPh2-] has been 
examined. Diphenylphosphide ion is a more reactive 
phosphanion than is dimethyl phosphite ion and rapidly 
reduces d ibromocy~lopropanes~ t o  their monobromides, 
which under irradiation react further t o  give the  products 
of SRNl s u b ~ t i t u t i o n . ~ , ~  T h e  aim of this study was t o  
determine whether dichlorocyclopropanes followed a sim- 
ilar pathway. 

When 7,7-dichlorobicyclo[4.1.0] heptane (la) was stirred 
in t h e  dark  for 4 h in liquid ammonia with potassium 
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Table I. Reaction of la-g with Diphenylphosphide Ion 
entry substr" [PPhLl, M solvent reactn time, h substr remaining, % 2, % 3, % 

1 la 0.075 NHBb 4 36 45 1 
2 la 0.15 NH3 4 26 62 1 
3 la 0.3 MezSO 4 0 84 4 
4 la 0.11 MezSO 4 10 69 5 
5 la 0.2 MezSO 1 0 83 5 
6 lb 0.2 MezSO 1 0 81 6 
7 I C  0.2 MezSO 1 0 74 15 
8 Id 0.2 MezSO 1 0 73 14 
9 le 0.2 MezSO 1 0 74 20 

10 If 0.2 MezSO 1 0 99 
11 W 0.2 MezSO 1 0 10 4 
12 1g 0.075 NH3 4 0 69 19 

"The substrate concentration was 0.025 M for experiments conducted in liquid ammonia and 0.1 M for experiments carried out in Me,SO. 
bNH, refers to  liquid ammonia a t  -33 "C. c6g (41%) was isolated after oxidative workup. 

diphenylphosphide (Table I, entry l ) ,  the major product 
was trans-7-chlorobicyclo[4.1.0]heptane (2a). It was ac- 

X 

I I  
R 2  R4 

1: X=Y=CI 
2: X = H .  Y=CI 
3: X = C I . Y = H  
4: X: Y = H  
5: X=Y=PPh2  
6: X = Y = P(O)Ph2 

b: R'. R3= (CH2)e ; R 2 ,  R4= H 
c: R1=CH3(CH2)3: R 2 ,  R3,R4=H 
d: R'sCHg(CH2)s; R2.  R3,R4=H 

f :  A'. R2, R3, R4=CH3 
0 :  R'=Ph, R2 ,R3 ,R4=H 

a: R1. R3=(CH2)4; R2,R4=H 

e: R', R2 ,  R3=CH3.  R 4 = H  

companied by a small amount of the cis isomer 3a and the 
starting material, but the direduced product 4a was not 
obtained. The reaction was not affected by the addition 
of di-tert-butyl nitroxide, implying that nonradical in- 
termediates such as those suggested previously for the 
reduction of dibromocyclopropanes are involved.2 Irra- 
diation of the reaction mixture with 350-nm light for 4 h 
did not promote substitution of the remaining halogen, 
unlike ita dibromo ana l~gue .~  A modest improvement in 
the yield of 2a (entry 2 )  was obtained when the concen- 
tration of diphenylphosphide ion was doubled, but starting 
material was also returned. 

The reduction however proceeded to completion in 
Me2S0. When 3 equiv of diphenylphosphide ion was 
treated with la (entry 3), the starting material was fully 
consumed and the trans isomer 2a (84%) was obtained as 
the major product. The stereoselectivity in this solvent 
was somewhat lower than in liquid ammonia, and a small 
yield of the cis isomer 3a was also obtained. When the 
excesa of diphenylphosphide ion was reduced to only lo%, 
some starting material was recovered even after a reaction 
time of 4 h, but when 2 equiv of the phosphanion was 
employed (entry 5), the reaction was complete in 1 h. All 
further experiments were carried out with this ratio of 
phosphanion to dichloride. 

The dichlorobicyclononane 1 b also underwent reduction 
to give the trans monochloride 2b (81%) as the major 
product, accompanied by some of the cis isomer 3b (6%). 
Similarly, when IC was treated with diphenylphosphide 
ion in Me2S0, the trans monochloride 2c (74%) was the 
major product. When the reaction was carried out with 
the hexyl-substituted cyclopropane Id (entry 8), the ratio 
of the monochlorides 2d to 3d was 5:l. The trisubstituted 
cyclopropane le was reduced cleanly but afforded a slightly 

Table 11. Isolated Yields and '€I NMR Coupling Constants 
from the Reaction of la-e with Diphenylphosphide Ion" 

substr (2 + 3). % ratio 2 to 3b J,,.,., Hz Jprn, Hz 
la 76 15 3.4 7.7 
lb 77 17 3.4 7.7 
I C  76 5 3.5 7.7 
Id 80 6 3.4 7.8 
le 62 4 4.1 7.9 
If 76 

"Carried out in M e a 0  using 1.5 equiv of diphenylphosphide ion 
(see the Experimental Section). bCalculated from the 'H NMR 
spectrum (300 MHz). 

lower excess of the trans isomer 213 than from the other 
substrates. The tetramethylcyclopropane 1 f, in which both 
halogens are equivalent, was smoothly reduced to the 
monochloride by the procedure. In none of the above cases 
did starting material remain or were the products of ov- 
erreduction detected. 
l,l-Dichloro-2-phenylcyclopropane (lg) gave somewhat 

different results on treatment with diphenylphosphide ion. 
In MezSO (entry l l ) ,  in addition to small yields of 2g and 
3g, the bidphosphine) 5g was obtained and isolated as 6g 
after oxidative workup. This substitution product seems 
likely to be formed by an elimination-addition ~equence.~ 
Of the substrates examined, substitution occurs only in the 
case of lg, where elimination of the halogens is conjuga- 
tively favored. Moreover, the yield of 6g is not reduced 
by the addition of the radical scavenger di-tert-butyl ni- 
troxide (5 mol %), suggesting that substitution by a ho- 
molytic pathway (such as by the SRNl p r o ~ e s s ) ~ , ~  is un- 
likely. When the reaction was repeated in liquid ammonia, 
the substitution product was not obtained, and the mo- 
nochlorides 2g and 3g (ratio 3.6:l) were formed in 88% 
overall yield. 

The procedure was also examined from a preparative 
view.' Table I1 lists the combined yields of pure, distilled 
monochlorides 2 and 3 from preparative runs, typically 
starting with about 3 g of the dichloride and a reaction 
time of 1 h. 

Assignment of Stereochemistry. The identities of the 
reduced products 2 and 3 were established, where possible, 

(5) See, for example: Shields, T. C.; Gardner, P. D. J. Am. Chem. SOC. 
1967,89,5425-5428. 

(6) Meijs, G. F. J. Org. Chem. 1984, 49, 3863-3865. 
(7) For alternative methods of reduction, see: (a) Hirao, T.; Masunaga, 

T.; Ohshiro, Y.; Agawa, T. J.  Org. Chem. 1981,46, 3745-3747 and ref- 
erences in footnote 1. (b) Sydnes, L. K.; Skatterberl, L. Acta Chem. 
Scand., Ser. E 1978, B32, 632-638. (c) KBbrich, G.; Goyert, E. Tetra- 
hedron 1968,24,4327-4342. (d) Hatam, J.; Waegell, B. Tetrahedron Lett. 
1973,2019-2022,2023-2026. (e) Jefford, C. W.; Kirkpatrick, D.; Delay, 
F. J. Am. Chem. Soc. 1972,94,8905-8907. (f) Beckwith, A. L. J.; Goh, 
S. H. J.  Chem. Soc., Chem. Commun. 1983,907. (g) Osuka, A.; Takechi, 
K.; Suzuki, H. Bull. Chem. SOC. Jpn .  1984,57, 303-304. 
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by comparison with samples obtained by other r o ~ t e s ~ , ~  
and confirmed by the lH NMR (300-MHz) spectrum.%" 
'H NMR coupling constants Jt,,, and Jcis are listed in 
Table I1 and were derived either by direct means or from 
decoupling experiments. 

Experimental Section 
General Procedures. Analytical GLC was performed on a 

Perkin-Elmer 990 gas chromatograph equipped with a flame- 
ionization detector. The column used was a 55 m X 0.5 mm SP 
2100 SCOT capillary, temperature programmed between 50 and 
240 "C. 'H NMR spectra were recorded in CDC13 on either a 
JEOL JNM-PMX 60 (60-MHz) or a Bruker CXP-300 (300-MHz) 
spectrometer. 13C NMR spectra were determined on a Bruker 
WP-80 DS instrument. Mass spectra were determined on an AEI 
MS-3074 spectrometer at  70 eV in electron impact mode. 

Star t ing Materials. gem-Dichlorocyclopropanes'3-'6 were 
prepared by phase-transfer methods as previously des~ribed."~'~ 
Ammonia was distilled from sodium prior to use. MezSO was 
distilled from calcium hydride and stored over molecular sieves 
under an atmosphere of nitrogen. Potassium tert-butoxide (Fluka) 
was used as received. Diphenylphosphine was prepared by the 
method of Gee et al.19 

Typical Procedure. Diphenylphosphine (372 mg, 2.0 mmol) 
was added by syringe to a stirred solution of potassium tert-bu- 
toxide (224 mg, 2.0 mmol) in MezSO (10 mL) under Nz. After 
10 min of stirring, 7,7-dichlorobicyclo[4.l.0]heptane (165 mg, 1.0 
mmol) was added. The mixture was allowed to stir for 1 h and 
then was poured into water and extracted twice with petroleum 
spirit (bp 30-40 "C). The combined extracts were washed with 
water and dried. After the addition of an internal standard 
(2-chlorotoluene), the mixture was quantitatively examined by 
GLC. All yields were corrected for the detector responses. 

Experiments in liquid ammonia were carried out at  reflux on 
the same scale, except that the volume of liquid ammonia was 
40 mL. After the reaction was complete, chilled (-40 "C) ether 
was added, and the reaction mixture was quenched by the cautious 
addition of ammonium nitrate (0.75 g). The ammonia was allowed 
to evaporate, and the mixture was diluted with water. The ether 
phase was washed with water, dried, and examined as before. 

l,l-Bis(diphenylphosphinyl)-2-phenylcyclopropane. Di- 
chloride l g  (187 mg, 1.0 mmol) was added to a solution of po- 
tassium diphenylphosphide (2.0 mmol) in MezSO (10 mL) pre- 
pared as before. The mixture was stirred at  room temperature 
for 1 h and then worked up as before and examined by GLC after 
the addition of an internal standard. The solvent was then re- 
moved, and 30% aqueous hydrogen peroxide (30 mL) was added 
cautiously in portions to a vigorously stirred solution of the residue 
in CHzClz (30 mL). After 15 h of stirring, the organic phase was 
separated, washed with water, and dried. The crude product was 
subjected to flash chromatography on silica gel (25% ether/ 
CHzClz) to afford the phosphine oxide 6g: 210 mg; mp 210-211 

(unresolved); 'H NMR (60 MHz) 6 1.7-3.2 (m, 3 H), 6.6-8.1 (m, 
25 H); MS, m/z (relative intensity) 518 (M+, loo), 412 (28), 288 

"C; 13C NMR 6 15.2 (t), 26.6 (t, JpX 78 Hz), 29.1 (d), 125-133 

(8) Seyferth, D.; Yamazaki, H.; Alleston, D. L. J.  Org. Chem. 1963,28, 
703-706. 

(9) Ando, T.; Hosaka, H.; Yamanaka, H.; Funasaka, W. Bull. Chem. 
SOC. Jpn. 1969,42, 2013-2021. 

(10) Kawabata, N.; Tanimoto, M.; Fujiwara, S. Tetrahedron 1979,35, 
1919-1923. 

(11) Jackman, L. M.; Sternhell, S. Applications of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry, 2nd ed.; Pergamon: 
London, 1969; pp 286-287. 

(12) Closs, G. L.; Closs, L. E. J.  Am. Chem. SOC. 1960,82,5723-5728. 
(13) Doerina, W. v. E.; Hoffmann, A. K. J .  Am. Chem. SOC. 1954, 76, - 

6162-6165. 
(14) Doering, W. v. E.; Henderson, W. A. J. Am. Chem. Soc. 1958, BO, 

(15) Dale, W. J.; Swartzentruber, P. E. J .  Org. Chem. 1959, 24, 

(16) Moore, W. R.; Ward, H. R. J. Org. Chem. 1962,27, 4179-4181. 
(17) Goh, S. H. J.  Chem. Educ. 1973, 50, 678. 
(18) Makosza, M.; Wawrzyniewicz, M. Tetrahedron Let t .  1969, 

(19) Gee, W.; Shaw, R. A.; Smith, B. C. Inorg. Synth. 1967,9, 19-24. 

5274-5277. 

955-957. 

4659-4662. 

(8), 201 (12); exact mass m/z 518.1564, calcd for C33H2802P2 m/z  
518.1565. 

Preparative Experiments. The following example is illus- 
trative. Diphenylphosphine (5.58 g, 30 mmol) was added dropwise 
to a stirred solution of potassium tert-butoxide (3.37 g, 30 mmol) 
in MezSO (50 mL) under Nz. The flask was immersed in a bath 
of cold water during both the addition and the subsequent steps. 
After 15 min of stirring, 7,7-dichlorobicyclo[4.l.0]heptane (3.30 
g, 20 mmol) was added dropwise, and the mixture was allowed 
to stir for 1 h. After this time, it was poured into water (100 mL) 
and extracted with pentane (2 X 25 mL). The combined extracts 
were washed several times with water. The dried extracts were 
concentrated through a Vigreux column (15 cm), and the residue 
was distilled with a short-path apparatus to afford a mixture of 
2a and 3a: 1.98 g, 76%; bp 60-61 "C (10 mmHg) [lit? bp 78 "C 
(16 mmHg)]. 
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The remarkable ease with which carboxylic acids, both 
aliphatic and aromatic, are reduced by borane-tetra- 
hydrofuran (BH3-THF) has been previously described.'S2 

BH,*THF 
RCOOH - RCHzOH 

>95% 
R = alkyl or aryl 

Brown and co-workers have recently established the details 
of the borane reduction mechanism which must proceed 
through the intermediate formation of monoacyloxyborane, 
either formed directly from the carboxylic acid and borane 
or formed by a redistribution reaction of diacyloxyborane 
with b ~ r a n e . ~  

During synthesis of the labeled new anticonvulsant 
[ 14C]felbamate, we have observed that the reduction of 
phenylmalonic acid (1) even with an excess of borane- 
tetrahydrofuran is unusually slow. This reaction proceeded 
sluggishly at  0 "C,  requiring 16 h to yield only 35% of 
2-phenyl-1,3-propanediol and unreacted starting material: 
Moreover, the yield was not enhanced by the use of bo- 
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